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WHEN IS THE ACTIVE EPOCH IN MASSIVE CLUSTERS?

Eisenhardt et al. 2008
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS
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Evidence for less efficient Rising fraction of (X-ray) AGN.

also seen in MIR and radio
selected AGN

quenching and field-like SF at
z>~1.5
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS Ma et al. 2016
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11 spectroscopically-
confirmed clusters, Mpai0 ~

(1-4)x10" Mg
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deep Herschel/PACs
Imaging

AGN selected using full UV-
MIR SED

Total star formation activity (Mgyr ' Mpc™)

13.7 83 66 54 4.1 2.8

Age of the Universe (billions of years)
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS Ma et al. 2016

A DETAILED STUDY OF SF AND Redshift
AGN IN Z=1-2 CLUSTERS

» 11 spectroscopically-
confirmed clusters, Mpai0 ~

(1-4)x10" Mg
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» Near-infrared (stellar mass
selected) clusters
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» deep Herschel/PACs
Imaging

» AGN selected using full UV-
MIR SED

galpath16 Stacey Alberts @I



THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

SF VERSUS ENVIRONMENT

Alberts et al. 2016
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

SF VERSUS ENVIRONMENT

Alberts et al. 2016
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

TIMESCALE FOR QUENCHING?

» no gradual decrease in PACS-
derived SFRs over ~0.6 Gyr

» stacked mass-limited

samples show quenched pop
at z<1.37

» cluster pops are red by z~1
» rapid quenching?

» missing SFG population? No,
>~80% of SF accounted for
by PACS
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

SCUBA-2 submm continuum -> Alberts et al. in prep
measure the ISM at z=1.75

Local SFGs (Saintonge et al. 2011)

similar amount of gas to field
galaxies

average depletion times of
~0.3 Gyr

r—
—
9
e
=
=
et
=
o=
(]
o
| o

no possibility of new gas
® Cluster Galaxy Sample

accretion? m Scoville et al. (2014) [Stacked]
A Tacconi et al. (2013)

soon: ALMA submm imaging of . 10
>100 cluster galaxies at z=1-2!! SSFR [Gyr ']
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

Redshift
137 139 140 141 146 149 1.75

PACS100 Detections Inside virial radius | EVEN IN @ uniformly
selected sample,
there Is significant
variation from

m PACS100 Stacked

cluster to cluster

>SFR per Area [Mgyr' arcmin®]

~2X less variation, no

pre-processing?

Cluster ID

Alberts et al. 2016
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

Alberts et al. 2016
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

THE RISE OF AGN IN CLUSTERS

» X-ray/radio/MIR color AGN
selections -> fraction of AGN
in clusters with redshift

x?= 0.9
Phot z=1.17

x?= 0.8 Galaxy+AGN

» SED fitting can find more complete Phot 2-0.96 _
AGN samples and composite
ObjeCtS (when X-ray is shallow...)

Host dominated (<307%)
Measure AGN

contribution

to SED- AGN composite (50-707%)

AGN dominated (>70%)

0.1 1.0
Rest wavelength [um]

Chung et al. 2014
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

Host dominated (<307%)

AGN composite (50-70%)
AGN dominated (>707%)

Excess AGN fraction

o P G SR SR aE relative to the field in
1 <z <15 (80 clusters) cluster cores at z>1.5
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THE ERA OF SF AND AGN ACTIVITY IN MASSIVE CLUSTERS

Clusters have at
z>~1.4, quenched populations
by z~1

Cluster Relations:
Geach et al.(2006)
Webb et al.(2013) ----—-—-—--
Alberts et al.g2014)
Popesso et al.(2014) [10"*-10" M4
Popesso et al.(2014) [10"-10"° Mg
Global Relation:
Behroozi et al.(2013)

gas depletion timescales
in z=1.75 cluster galaxies
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larger sample with ALMA is

coming soon!! ) i
AGN fraction in clusters at

between clusters in 2>1.5 than field
total SF, likely broad M, ,,
dependence environmental triggering,

maybe related to quenching
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